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The respiratory heme–copper oxidases catalyze reduction of O2 to
H2O, linking this process to transmembrane proton pumping. This
enzyme family has been classiﬁed based on sequence analyses with a
focus on residues involved in proton transfer [1,2]. Class A includes
oxidases that are found in mitochondria and e.g. in Rhodobacter
sphaeroides (aa3-type), which pump protons with a stoichiometry of
1H+/e−. TheB class includes the ba3 oxidase from Thermus thermophilus,
whichpumps ~0.5H+/e− (reviewed in [3]). This difference in theH+/e−
ratios presumably originates from differences in internal e−–H+
interactions; while in the A-class oxidases each electron transfer to the
catalytic site is linked to proton pumping, in the ba3 oxidase it is linked
to either uptake or release of a “pumped proton”.
In the A class oxidases the pumping stoichiometry can bemodulated
in the range 0-1 H+/e− by replacement of single residues along the
membrane-spanning proton-conducting (D) pathway. These amino-
acid replacements are typically characterized by modulation of the pKa
of Glu286 at the end of the pathway. Similar pKa changes were also
observed upon replacement of Ser425 (R. sphaeroides, unpublished),
located in a protein segment that displays redox-induced structural
changes [4,5]. Also with the ba3 oxidase replacement of single amino-
acid residues in or near the (K) proton pathway modulates rates of
proton transfer. Interestingly, in this oxidase the choreography of proton-
transfer events could be altered to speciﬁcally block proton uptake to the
pump site or to the catalytic site, or release of the pumped proton [3].
Taken together, all these data identiﬁed the proton-loading site to be
located in a protein segment around Asp372 (ba3). Furthermore, the data
show that a non-integer pumping stoichiometry is an intrinsic feature of
the architecture and choreography of the redox-driven proton pump.
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Bacterial nitric oxide reductase (NOR) is an iron-containing en-
zyme, which is involved in denitriﬁcation, a form of microbial an-
aerobic respiration. NOR catalyzes the generation of nitrous oxide
(N2O) via reductive coupling of nitric oxide (NO) produced from
nitrite reductase (NiR). NOR is an attractive target in the research area
of Earth science, since the product N2O from the NOR-catalyzed reac-
tion is not only an ozone depleting substance, but also a greenhouse
gas more powerful than carbon dioxide by 310-fold. In addition, it
is noteworthy that NOR would be a progenitor of terminal oxidase
which plays pivotal role in aerobic respiration. We determined the
crystal structures of two types of NORs; cytochrome c-dependent NOR
(cNOR) from Pseudomonas aeruginosa and quinol-dependent NOR
(qNOR) from Geobacillus stearothermophilus in the oxidized resting
state. Most recently, we have the crystal structures of some ligand-
bound and -unbound forms of P.a. cNOR; fully reduced, CN, CO and
acetaldoxime (CH3CHNOH) bound forms. On the basis of these
structures, we proposed the possible reaction mechanism of NOR, in
which two NO produced in the active site of NOR could be coupled to
form the NN bond in the disproportionation type reaction. In addition,
we are also successful to express qNORs from pathogenic Neisseria
meningitidis and Achromobacter xylosoxidans, which are used for the
decomposition of NO produced from immune system of host and for
survival in hosts' cells. Using the puriﬁed qNORs, we are now studying
the transfer of the catalytic protons. NO produced by the NiR reac-
tion (NO2−+ 2H+ + e−→ NO+ H2O) in the denitriﬁcation process
must be degraded by NOR (2NO + 2H+ + 2e−→ N2O + H2O) im-
mediately after its production to avoid the diffusion into the cellular
environment, since NO is highly cytotoxic. Recently, we determined
the crystal structure of the P. aeruginosa cNOR–NiR complex at a
resolution of 3.2 Å. On the basis of this structure, we can propose
that NiR produces NO at the close proximity to NOR by the formation
of the NOR–NiR complex to effectively degradeNO and to suppress the
diffusion of NO into the cellular environment for protection of cells
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Flavodiiron proteins (FDPs, also called A-type ﬂavoproteins, Flv)
belong to a large family of proteins originally discovered and inves-
tigated in strict or facultative anaerobic bacteria, archaea and some
eukaryotic parasites. Homologues of genes encoding FDPs were later
found in the genomes of oxygenic photosynthetic organisms: cyano-
bacteria, green algae, mosses, and lycophytes. FDPs are widespread
in cyanobacteria, but gradually disappeared in the course of land
plant evolution. The structure of the FDPs in oxygenic photosyn-
thetic organisms is unique since they possess an extra C-terminal
ﬂavin-reductase domain, besides the common core comprised of two
redox centers, the β-lactamase-like domain including the non-heme
catalytic diiron center at the N-terminus and the ﬂavin mononucle-
otide-containing ﬂavodoxin-like domain at the C-terminus. It is
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conceivable that FDPs made the oxygenic photosynthesis possible in
cyanobacteria.
The Flv2 and Flv4 proteins are present only in β-cyanobacteria and
their heterodimer forms an electron valve from Photosystem (PS) II,
which functions in PSII photoprotection. The Flv1 and Flv3 proteins
can be found inα and β-cyanobacteria, but also in green algae, mosses
and ferns. They function on the reducing side of PSI and can transfer
electrons directly to molecular O2 without formation of reactive oxy-
gen species (ROS). The importance of Flv1 and Flv3 for the survival of
cyanobacteria was unambiguously proven only recently by applica-
tion of ﬂuctuating light to mimic the constantly changing natural
illumination conditions in aquatic environments. Furthermore, the
existence of two “extra” genes that represent copies of ﬂv1 and ﬂv3
was identiﬁed in ﬁlamentous N2-ﬁxing and heterocyst-forming cya-
nobacteria. These are heterocyst-speciﬁc FDPs and function in light-
induced O2 uptake on the reducing side of PSI, thus protecting the
nitrogenase enzyme against photooxidative damage.
doi:10.1016/j.bbabio.2014.05.126
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Photosynthesis has found an ultrafast and highly efﬁcient way of
converting the energy of the sun into electrochemical energy. The solar
energy is collected by light-harvesting complexes (LHC) and then
transferred to the reaction center (RC) where the excitation energy is
converted into a charge separated state with almost 100% efﬁciency.
That separation of charges creates an electrochemical gradient across
the photosynthetic membrane which ultimately powers the photosyn-
thetic organism. The understanding of the molecular mechanisms of
light harvesting and charge separation will provide a template for the
design of efﬁcient artiﬁcial solar energy conversion systems.
Upon excitation of the photosynthetic system the energy is
delocalized over several cofactors creating collective excited states
(excitons) that provide efﬁcient and ultrafast paths energy transfer
using the principles of quantum mechanics. In the reaction center the
excitons become mixed with charge transfer (CT) character (exciton-
CT states), which provide ultrafast channels for charge transfer.
However, both the LHC and the RC have to cope with a counter effect:
disorder. The slow protein motions (static disorder) produce slightly
different conformations which, in turn, modulate the energy of the
exciton-CT states. In this scenario, in some of the LHC/RC complexes
within the sample ensemble the energy could be trapped in some
unproductive states leading to unacceptable energy losses.
Here I will show that LHCs and RCs have found a unique solution for
overcoming this barrier: they use the principles of quantummechanics
to probe many possible pathways at the same time and to select the
most efﬁcient one that ﬁts their realization of the disorder. They use
electronic coherence for ultrafast energy and electron transfer and have
selected speciﬁc vibrations to sustain those coherences. In this way
photosynthetic energy transfer and charge separation have achieved
their amazing efﬁciency. At the same time these same interactions are
used to photoprotect the system against unwanted byproducts of light
harvesting and charge separation at high light intensities.
doi:10.1016/j.bbabio.2014.05.127
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The structural and functional organization of bioenergetic electron
transfer chain has been a matter of long-standing debates with
ﬂuctuating outcomes. The solid-statemodel inwhich electron transfer
occurs within a single supramolecular ediﬁce has been challenged by
the random collisionmodel in which the enzymatic activities involved
in the chains are borne by individual membrane bound complexes
linked by freely diffusing soluble electron carriers. Yet, the beginning
of this century saw the revival of the solid-statemodel with numerous
and circumstantial evidences supporting the notion that the structural
clustering of the various complexes of the mitochondrial electron
transfer chain can shape its function. This reached its acme with the
observation that “respirasomes” made of all the enzymes and soluble
carriers required to funnel electron transfer from NADH to molecular
oxygen do respire and are dynamic structures that determine electron
ﬂuxes from different substrates.
Expectedly, similar concepts apply to the photosynthetic electron
transfer chain. Protein crowding has been shown to constrain the
diffusion of plastoquinone in the thylakoid membrane and of plastocy-
anin in the lumen. Along similar lines, the dynamic (dis)assembly of
supercomplexes that would sequester the soluble carrier, ferredoxin,
has provided a temptingmodel to rationalize the switch between linear
and cyclic electron ﬂows. The isolation of supercomplexes comprising
photosystem I and cytochrome b6f, has provided support to the notion
that the structural remodeling of bioenergetic electron transfer chains
can shape their function by (re)routing the electron ﬂuxes.
To widen the spectrum of the methods available to assess the func-
tional relevance of the structural organization of respiratorymembranes
and provide a new perspective, we recently developed a method aimed
at making the respiratory chain amenable to time-resolved studies [1].
In parallel, we identiﬁed, in the photosynthetic chain, the parameter that
controls the switch between linear and cyclic electron ﬂows and the
correlated formation of PSI-b6f supercomplexes [2]. These resultswill be
presented and the overall issue of the functional consequences of the
structuration of bioenergetic membranes will be discussed.
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